In the era of precision medicine, translating genomics into clinical care will involve answering key questions in social and behavioral research. The scope of this research addresses assessing how clients perceive and use genomic information, and how effectively genetic counseling is meeting clients' needs. Outcomes are central to enhancing practice effectiveness, improving patient outcomes, and informing cost effective services to address workforce challenges. While genetic counseling is generally thought of as a clinical practice, genetic counselors contribute to research in several ways. Counselors are actively involved in interpretation of sequence data, collaborate in clinical research teams, and serve as lead investigators. This commentary highlights genetic counselors as social and behavioral scientists and reviews evidence generated by genetic counselors, describes advanced training in research, and posits key social and behavioral research questions for genetic counseling in translating genomic science in the era of precision medicine. 
| I N TR ODU C TI ON
Genetic counseling is a clinical practice that entails educating and counseling clients 1 about genetic risk and conditions. It follows that genetic counselors are generally thought of as clinicians. Yet expertise in genomic science is required to practice competently. In this sense, genetic counselors can be considered as scientists. This perspective is reinforced by the proportion of genetic counselors employed by laboratories and testing companies for their expertise in interpretation of genomic data (20% of respondents to the 2016 National Society of Genetic Counselors (NSGC) Professional Status Survey). Genetic counselors also participate in research endeavors such as serving on genomics research teams. In this capacity, they may consent participants to genomic studies, manage study protocols, write institutional review board proposals, and contribute their expertise to study implementation.
The NSGC recognizes the importance of research in genetic counseling; as demonstrated by presentations at its annual meeting, a research special interest group, and protocols for developing practice guidelines (https://www.nsgc.org/p/cm/ld/fid570). The Accreditation
Council for Genetic Counseling requires students to "perform research"
for training programs to qualify for accreditation (http://www.gceducation.org/Pages/Standards.aspx). In accordance with this practice standard, genetic counseling graduate programs are producing increasingly rigorous research studies. In parallel, senior genetic counselors have acknowledged the critical need for evidence-based practice (Baty & Biesecker, 2006; McAllister et al., 2016) . In 2006, the American Journal of Medical Genetics Part C published a special issue titled, "Toward Evidence-Based Genetic Counseling" that included studies where genetic counselors took the lead in assessing: patient perceptions of uncertainty among parents of children with rare disorders, and adults undergoing BRCA1 testing; patient readiness to change based on cancer risk; and directions for future research (Baty & Biesecker, 2006 (Biesecker et al., 2013) , to facilitate cross-study comparisons and amass a patient-centered genetic counseling literature, and more.
A limited number of studies assessing the process of genetic counseling have reported use of dense, highly technical language by counselors (Butrick et al., 2104; Kelly et al., 2015; Roter et al., 2009.) .
Conveying detailed genetic information is apparently the dominant practice model, one that is unlikely to be effective with many clients, particularly those with lower scientific literacy and formal education attainment (Joseph & Guerra, 2015; Joseph et al., 2017) 
| Improving patient and client outcomes
Generally, there is an intention to maximize positive patient and client outcomes in genetic counseling (Resta et al., 2006) . In recent years, research has advanced in assessing patient-related, if not patient reported, genetic counseling outcomes. A systematic literature review of randomized controlled trials (RCTs) with genetic counseling, identified 54 studies published across 25 years that assessed patient-related outcomes (Athens et al., 2017) . Twenty-seven of these studies included an intervention arm that was hypothesized to enhance the process of genetic counseling. One example was an RCT that randomized clients at 25% and 50% risk of having a BRCA1 pathogenic variant to receive a problem-based coping intervention, versus patientcentered (usual care) genetic counseling (McInerney-Leo et al., 2004) .
Clients randomized to the problem-based coping intervention had significantly fewer depressive symptoms at follow-up than clients who underwent patient-centered counseling, suggesting problem-based coping counseling may improve psychological wellbeing more effectively in the cancer setting. Another example of improved patientrelated outcomes was published by Slomp and colleagues who enhanced their way of collecting family history information (Slomp et al., 2018) . These examples illustrate the value of testing practice interventions in clinical trials, with the caveat that most still need to be replicated prior to implementation. behavioral science of genomics to be realized in the era of precision medicine. While risk estimates and diagnoses will continue to improve, genetic counselors will endeavor to study better ways to enhance patient and client outcomes such as psychological wellbeing, empowerment, and adaptation to living with a genetic risk or condition.
| Cost effective services to address workforce issues
Genetic counseling is at a historical juncture where the growing number of people receiving results from genomic testing exceeds the number of counselors available. Specifically, a workforce study commissioned by the NSGC found that there are insufficient graduates from the training programs to fill available positions and that this trend is likely to continue for years to come as precision medicine unfolds.
(www.health.nsw.gov.au/workforce/alliedhealth/Documents/gsw-finalreport.pdf). The systematic literature review of RCTs authored by Athens et al. (2017) included 31 studies that compared patient outcomes from an alternative delivery mode to in-person genetic counseling (Athens et al., 2017) . Novel modes included telephone counseling (Kinney et al., 2016) , and an electronic platform such as a CD Rom or web-based platform (Green et al., 2001 (Green et al., , 2005 . The studies each found the more cost effective alternative service delivery mode to be noninferior or equivalent to usual in-person care.
Data on what types of results may be as effectively conveyed using on-line resources, for example, can lead to more judicious use of resources, preserving genetic counselors for in person sessions that address greater health threats and personal loss (Biesecker et al., 2018) . One RCT to assess return of carrier results to adults enrolled in a clinical genomic sequencing study found a web-based custom result platform to be non-inferior to in person genetics education (counseling was offered separately) (Biesecker et al., in press ). Carrier results were of interest to participants to share with their adult children, but represented no health risk, making them good candidates for a study of results via an alternative delivery mode where the risk of potential harms was minimal. Related research will continue to refine the ways that genomic information can be delivered effectively at a lower cost and burden to the client, while preserving in-person genetic counseling for more challenging cases that involve significant health threats, difficult patient decisions, and challenges faced by patients living with serious illness or disability (Stoll et al., 2018) . Evidence for tiered service delivery modes can be used to maximize the expertise of genetic counselors and elevate the stature of the genetic counseling profession. roles and responsibilities will change is unknown. Yet, this evolution in patient care will inevitably parallel that of genomic technologies (Gordon et al., 2018) . How these changes will juxtapose with emerging data on alternative delivery modes in unclear.
The more health care providers who understand and can help clients and their families use genomic information effectively, the better.
Yet given time constraints for practicing medical professionals, research into alternative delivery modes will be essential to inform evidence based care. There will be significant challenges faced by genetic counselors as they help to educate other care providers about using genomic technologies, interpreting results, and explaining them to patients. Genetic counselors have many opportunities to contribute to this important professional education, but equally important is their role in the research around alternative delivery modes. Studies of the effectiveness of these delivery modes and their effectiveness in meeting clients' needs will continue to be key to this practice evolution (Stoll et al., 2018) .
Genetic counselors may view the explosion of genomics as a threat to our professional roles and responsibilities as other professionals take them on. Likely such a concern will be unwarranted as there will always be challenging counseling cases for well-trained counselors. Fetuses will continue to be identified at elevated risk or affected with a condition, babies will be born with unexpected conditions, positive test results will incur a high disease risk, and clients will continue to face difficult decisions. These challenging experiences will likely still be relegated to genetic counselors as genomics becomes integrated into routine health care. General practitioners are unlikely to have the time or inclination to take on these counseling complexities. In the end, the onslaught of genomics into medicine need not pose a direct threat to genetic counseling practice, but rather opportunities for counselors to promote their expertise.
| Research training in genetic counseling
Genetic counselors working with social and behavioral scientists have and will make important scientific contributions in the era of precision and act on genomic information (Ferrer et al., 2016) . A doctorate in health psychology may equip a counselor with expertise in health behavior theories to frame studies of patient decision making or health care utilization (Cameron et al., 2017 Genetic counselors have many opportunities to conduct social and behavioral research related to translation of genomics in the era of precision medicine. Evidence will enhance practice and ensure better patient-reported outcomes.
ENDNOTE
1 Client and patient are used throughout this commentary. Increasingly, genetic counseling involves healthy individuals who engage as a client, while patients are generally thought of as affected with a condition or at significant health risk that they require health care services. Genetic counselors engage with both but the descriptors are not interchangeable.
